REMARKS 

By the above amendment, claims 1 and 3-19 are presented for examination. 

Claim 1 was previously allowed, but was subsequently rejected on grounds that a 
supplemental declaration was not submitted. Claims 6-19 are allowable, but were rejected on 
grounds that a supplemental declaration was not submitted. A supplemental declaration has now 
been provided with this response. Claim 1 has also been amended to correct typographical 
errors. With the provision of the supplemental declaration, claims 1 and 6-19 are now ready for 
allowance. 

Applicants acknowledge and thank the examiner for allowance of claims 3-5, if 
amended to be rewritten in independent form. The examiner objected to claims 3-5 as dependent 
on a rejected base claim. In accordance with the learned examiner's statements on page 4 of her 
final action dated July 18, 2005, Applicants have rewritten claims 3-5 in independent form, 
including all limitations of claim 1 and now-cancelled claim 2, and these claims are now ready 
for allowance. 

Claim 2 was rejected under 35 U.S.C. § 1 12, ^ 1, as failing to comply with the 
written description requirement. Applicants have cancelled claim 2, without prejudice to their 
right to pursue claim 2 in a continuing application, if they choose to do so. 

Applicants submit that pending claims 1, and 3-19, are allowable and request a 
timely issuance of a Notice of Allowance. Please feel free to call Stuart E. Pollack at (212) 336- 
2721 if the examiner has any questions regarding this application. 
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STATUS AND LISTING OF THE CLAIMS 
1. (Amended): A process for preparing a 6-O-methylerythromycin A derivative 
represented by the formula: 

I 




wherein R 1 is: 

a 2-alkenyl group having 3 to 15 carbon atoms, 
a benzyl group, or 

a benzyl group [substitued] substituted by 1 to 3 of a chlorine atom, an alkoxy group 
having 1 to 4 carbon atoms, a nitro group or an alkoxycarbonyl group having 2 to 6 
carbon atoms, and 
R 2 and R 3 are trimethylsilyl, 

which comprises reacting, in any desired sequence, erythromycin A 9-oxime with a compound of 
formula R 1 — X (wherein R 1 is as defined above, and X is a halogen atom) and with a substituted 
silylating agent having an R 2 group to give a compound represented by the formula[;] : 



1203530vl 



12 



EXPRESS MAIL LABEL NO.: EJ771306230US 




(wherein R , R and R are as defined above), and then reacting said compound of formula II 
with a methylating agent selected from the group consisting of methyl bromide, methyl iodide, 
dimethyl sulfate, methyl p-toluene sulfonate and methyl methane sulfonate, the amount of said 
methylating agent being 1-3 molar equivalents of said compound of formula II, said 
trimethylsilyl group (R 2 ) protecting the 2' hydroxyl group against methylation and preventing the 
3'-dimethylamino group from being quaternized with the methylating agent. 

2. (Cancelled) 

3. (Amended): A process for preparing 6-O-methyIerythromycin A comprising: 

reacting, in any desired sequence, erythromycin A 9-oxime with a 
compound of formula R 1 — X (wherein R l is as defined below, 
and X is a halogen atom) and with a substituted silylating agent 
having an R 2 group to give a compound represented by the 
formula: 
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I ] 




CH 3 0 CH 3 



wherein R 1 is: 

a 2-alkenyl group having 3 to 1 5 carbon atoms, 
a benzyl group, or 

a benzyl group substituted by 1 to 3 of a chlorine atom, an 
alkoxy group having 1 to 4 carbon atoms, a nitro group or 
an alkoxycarbonyl group having 2 to 6 carbon atoms, and 
R 2 and R 3 are trimethylsilyl; 
then reacting said compound of formula II with a methylating 
agent selected from the group consisting of methyl bromide, 
methyl iodide, dimethyl sulfate, methyl p-toluene sulfonate and 
methyl methane sulfonate, the amount of said methylating agent 
being 1-3 molar equivalents of said compound of formula II, said 
trimethylsilyl group (R 2 ) protecting the 2' hydroxyl group against 
methylation and preventing the 3'-dimethvlamino group from 
being quaternized with the methylating agent; 
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then eliminating in any desired sequence the R . R , and R groups. 

wherein the elimination of R l is performed by hvdrogenolysis; 

and then, deoximating with a deoximating agent, 
4. (Amended): A process for preparing 6-Q-methylerythromycin A comprising: 
reacting, in any desired sequence, erythromycin A 9-oxime with a 
compound of formula R 1 — X (wherein R 1 is as defined below, 
and X is a halogen atom) and with a substituted silylating agent 
having an R 2 group to give a compound represented by the 
formula: 

I I 




CH 3 0 CH 3 



wherein R 1 is: 

a 2-alkenyl group having 3 to 15 carbon atoms, 
a benzyl group, or 

a benzyl group substituted by 1 to 3 of a chlorine atom, an 
alkoxv group having 1 to 4 carbon atoms, a nitro group or 
an alkoxycarbonyl group having 2 to 6 carbon atoms, and 
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R 2 and R 3 are trimethylsilyl; 
then reacting said compound of formula II with a methylating 
agent selected from the group consisting of methyl bromide, 
methyl iodide, dimethyl sulfate, methyl p-toluene sulfonate and 
methyl methane sulfonate, the amount of said methylating agent 
being 1-3 molar equivalents of said compound of formula II, said 
trimethylsilyl group (R 2 ) protecting the 2' hydroxyl group against 
methylation and preventing the 3 f -dimethylamino group from 
being quaternized with the methylating agent; 
eliminating in any desired sequence the R , R , and R groups, 
wherein the elimination of R 2 and R 3 is performed by treatment 
with acid in an alcohol; 

and then, deoximating with a deoximating agent. 
5. (Amended): A process for preparing 6-O-methylerythromycin A comprising: 
reacting, in any desired sequence, erythromycin A 9-oxime with a 
compound of formula R 1 — X (wherein R 1 is as defined below, 
and X is a halogen atom) and with a substituted silylating agent 
having an R 2 group to give a compound represented by the 
formula: 
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I 1 




wherein R 1 is: 

a 2-alkenyl group having 3 to 1 5 carbon atoms, 
a benzyl group, or 

a benzyl group substituted by 1 to 3 of a chlorine atom, an 
alkoxy group having 1 to 4 carbon atoms, a nitro group or 
an alkoxycarbonyl group having 2 to 6 carbon atoms, and 
R 2 and R 3 are trimethylsilyl; 
then reacting said compound of formula II with a methylating 
agent selected from the group consisting of methyl bromide, 
methyl iodide, dimethyl sulfate, methyl p-toluene sulfonate and 
methyl methane sulfonate, the amount of said methylating agent 
being 1-3 molar equivalents of said compound of formula II, said 
trimethylsilyl group (R 2 ) protecting the 2' hvdroxyl group against 
methylation and preventing the 3'-dimethylamino group from 
being quaternized with the methylating agent; 
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eliminating in any desired sequence the R 1 . R 2 , and R 3 groups, 
wherein the elimination of R 2 and R 3 is performed by treatment 
with tetrabutyl ammoniumfluoride in tetrahydrofuran; 
and then, deoximating with a deoximating agent. 

6. (Previously presented): A process for preparing 6-O-methylerythromycin A 

comprising: 

performing the steps of claim 1 ; then 

eliminating in any desired sequence the R 1 , R 2 , and R 3 groups; 
wherein the R 1 group is eliminated by homogeneous or 
heterogeneous hydrogenolysis; 

and wherein the R 2 and R 3 groups are eliminated by treatment with 
an acid in an alcohol or with tetrabutyl ammonium fluoride; 
and then 

deoximating with a deoximating agent. 

7. (Previously presented): The process of claim 6, wherein the elimination of R 1 
is performed by homogeneous hydrogenolysis. 

8. (Previously presented): The process of claim 6, wherein the elimination of R 1 
is performed by heterogeneous hydrogenolysis. 

9. (Previously presented): The process of claim 6, wherein the elimination of R 
and R 3 is performed by treatment with acid in an alcohol. 

•2 

10. (Previously presented): The process of claim 6, wherein the elimination of R 
and R 3 is performed by treatment with tetrabutyl ammonium fluoride. 
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11. (Previously presented): A process for preparing 6-O-methvlervthromvcin A 

comprising: 

performing the steps of claim 1 ; then 

eliminating in any desired sequence the R , R , and R groups; 
wherein the R 1 group is eliminated by homogeneous or 
heterogeneous hydrogenolysis; 

and wherein the R 2 and R 3 groups are eliminated by treatment with 
an acid in an alcohol or with tetrabutyl ammonium fluoride; 
and then 

deoximating by using sodium hydrogen sulfite, titanium trichloride- 
ammonium acetate, sodium nitrate-hydrochloric acid, or sodium 
hydrosulfite. 

12. (Previously presented): The process of claim 11, wherein the elimination of 
R 1 is performed by homogeneous hydrogenolysis. 

13. (Previously presented): The process of claim 11, wherein the elimination of 
R 1 is performed by heterogeneous hydrogenolysis. 

14. (Previously presented): The process of claim 11, wherein the elimination of 
R 2 and R 3 is performed by treatment with acid in an alcohol. 

15. (Previously presented): The process of claim 11, wherein the elimination of 
R and R is performed by treatment with tetrabutyl ammonium fluoride. 

16. (Previously presented): The process of claim 11, wherein the deoximation is 
performed by using sodium hydrogen sulfite. 
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17. (Previously presented): The process of claim 11, wherein the deoximation is 
performed by using titanium trichloride-ammonium acetate. 

18. (Previously presented): The process of claim IK wherein the deoximation is 
performed by using sodium nitrate-hydrochloric acid. 

19. (Previously presented): The process of claim 1 1 , wherein the deoximation is 



performed by using sodium hydrosulfite. 
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ERYTHROMYCIN A DERIVATIVES AND 
METHOD FOR PREPARING SAME 

This application is a continuation, of application Ser. No. 
07/094,888, filed Sep. 10, 1987 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to erythromycin A deriva- 
tives and the method for the preparation of the same. 

2. Description of the Prior Art 

6-O-Methylerythromycins are useful as anti-bacterial 
agents or intermediates for synthesis of the antibacterial 
agents. For example, 6-O-methylerythromycin A is not only 
stable under the acidic conditions but also has a strong 
antibacterial activity when compared with erythromycin A. 
Especially, this compound shows an excellent effect for 
treatment of infections by oral administration, and therefore 
it is a useful antibacterial agent. 

There are known in the past some methods for raethylat- 
ing the hydroxy group at the 6-position of the erythromycin 
A derivatives, for example, (1) a method which comprises 
substituting the hydrogen atom of the hydroxy group at the 
2'-position and the methyl group of the dimethylamino 
group at the 3'-position of the erythromycin A derivatives by 
benzyloxycarbonyl groups, and then methylating the result- 
ing compound (U.S. Pat. No. 4,331,803), and (2) a method 
which comprises converting erythromycin A derivatives 
having the protected hydroxy group at the 2'-position and/or 30 
the protected dimethylamino group at the 3-position into the 
various kind of the substituted oxime derivative, and then 
methylating the substituted derivatives (European Patent 
158,467). 

However, since erythromycin A has many hydroxy 
groups, there are obtained various kind of erythromycin A 
derivatives which are methylated at hydroxy groups at any 
other than the 6-position as the by-products by the method 
of item (1). Accordingly, this method requires the compli- 
cated procedure for purification of the 6-O- 
methylerythromycin A derivatives, and has drawback of 
causing low yield of said derivatives. Although it is possible 
to methylate selectively the 6-hydroxy group by the method 
of item (2), when the erythromycin A 9-oxime derivative 
whose 2'-hydroxy group only is protected is methylated, the 
3'-dimethylamino group is changed to a methyl quaternary 
salt under ordinary methylation conditions. Furthermore it is 
difficult to return the salt to a dimethylamino group, 
accordingly, it is necessary to protect both of the 2'-hydroxy 
group and 3'-dimethylamino group for the practical prepa- 
ration method. 
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SUMMARY OF THE INVENTION 

As a result of the various researches to solve the draw- 
backs of the above known methods, the present inventors 
have found the fact that erythromycin A derivative whose 
2'-hydroxy group is protected with the substituted silyl 
groups is not quaternarized at the adjacent 3'-dimethylamino 
group even under ordinary methylation conditions, and the 
present invention has been completed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An object of the present invention is to provide 6-O- 
methylerythromycin A derivatives represented by the gen- 
eral formula 
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wherein R 1 is a 2-alkenyl group having 3 to 15 carbon 
atoms, an arylmethyl group, or an arylmethyl group substi- 
tuted by 1 to 3 of a halogen atom, an alkoxy group having 
1 to 4 carbon atoms, a nitro group or an alkoxycarbonyl 
group having 2 to 6 carbon atoms, R 2 is a substituted silyl 
group of formula — SiR 4 R 5 R e (wherein R 4 , R 5 and R 6 are 
the same or different, and each is a hydrogen atom, an alkyl 
group having 1 to 15 carbon atoms, a phenyl substituted 
alkyl group in which the alkyl moiety has 1 to 3 carbon 
atoms, a phenyl group, a cycloalkyl group having 5 to 7 
carbon atoms or an alkenyl group having 2 to 5 carbon 
atoms, with the proviso that at least one of R 4 , R 5 and R e is 
other than hydrogen atom) and R 3 is a hydrogen atom or R 2 . 

Another object of the present invention is to provide 
erythromycin A derivatives represented by the general for- 
mula 
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CH 3 0 CH 3 



wherein R\ R 2 and R 3 are as defined above. 

Still another object of the present invention is to provide 
a method for preparing 6-O-methylerythromycin A deriva- 
tives of formula I which comprises reacting, in any desired 
sequence, erythromycin A 9-oxime with a compound of 
formula R 1 — X (wherein R 1 is as defined above, and X is a 
halogen atom) and with a substituted silyl ating agent having 
R 2 group to give a compound of formula II, and then 
reacting the compound of formula II with a methylating 
agent. 

In the present invention, the terms "alkyl", "alkoxy" and 
"alkenyl" used alone or as combined with the other group 
mean those whose carbon chain may be linear or branched. 
The term "arylmethyl group" means a benzyl group, a 
benzhydryl group, a trityl group or a naphthylmethyl group. 
Examples of the substituted arylmethyl group are a 
p-methoxybenzyl group, a p-chlorobenzyl group, a 
m-chlorobenzyl group, an o-chlorobenzyl group, a 2,4- 
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dichlorobcnzyt group, a p«bromobcnzyl group, a 
m-nilrobenzyl group, a p-nitrobenzyl group and the like. 
Examples of 2-alkenyl group for R s arc an ally! group, a 
mclhallyl group, a crotyl group, a prenyl group, a 2-pentcnyl 
group, a 2-cihyl-2-butcnyI group, a geranyl group, a ncry) 
group and the like. The term "halogen atom" refers to a 
chlorine, a bromine, an iodine atom and the like. Examples 
of the substituted silyl group are a trimethyisilyl group, a 
triethylsilyl group, an isopropyldimcihylsiJyl group, a tert- 
butyldimethylsilyl group, a (triphenylmcthyl)dimelhyLsilyl 
group, a terl-butyldiphenylsilyl group, a diphenylmethylsilyl 
group, a diphenylvinylsilyl group, a mcihyldiisopropylsilyl 
group, a iribenzylsilyl group, a tri(p-xyryl)silyl group, a 
triphenylsilyl group, a diphcnylsilyl group, a dimethylocia- 
decylsilyl group and the like. 

The present invention is illustrated below in more detail. 
At first, etherification of erythyromycin A 9-oximc with a 
compound of formula R J — X is carried out according to the 
known method per se, for example, tlie method described in 
European Patent No. 158,467 to give a compound of for- 
mula 



ill 




35 



wherein R 4 is as defined above. 

The reaction of the compound of formula III with the 
silylating agent is carried out in a solvent in the presence of 40 
a base at 0° C. to the reflux temperature of the solvent, 
preferably at room temperature with stirring. Examples of 
the silylating agent used are chlorosilanes such as 
trimelhylchlorostlane, tert-bulyldimethychlorosilane and the 
like; silyla mines such as 1,1 ,1,3,3 ,3-hcxamelhyldisilazanc, 
trimethylsilylimidazole, dimethylaminoirimeihylsilane and 
the like; bis(trirncihylsily Qacctamidc, 
trimethylsilyldiphenylurea, bis(irimcthylsilyl)urca and the 
like. The amount of the silylating agent used is 1 to 30 
equivalents, preferably 1 to 5 equivalents relative to the 
compound of formula 111. 

Examples of the solvent used in the reaction are acetone, 
tetrahydrofuran, N,N-dimethylformamide, dimethyl 



Alternatively, the compound of formula II can be obtained 
by etherification after silylation of erythromycin A 9-oxime. 
Namely, erythromycin A 9-oxime is reacted with the sily- 
lating agent under the same silylation conditions as 

5 described above, and then the resulting compound is reacted 
with the compound of formula R 4 -— X under the same 
ctheriticalion conditions as described above to give the 
compound of formula 11,' 

The reaction of the compound of formula II with the 
methylating agent for preparing the compound I can be 
carried out in a solvent in the presence of a base at -15° C. 
to room temperature, preferably at 0° C. to room tempera- 
ture with stirring. Examples of the methylating agent arc 
methyl bromide, methyl iodide, dimethyl sulfate, methyl 
p-tolucncsulfonate, methyl meihancsulfonate and the like.' It 

15 is sufficient to use 1-3 molar equivalents of the methylating 
agent relative to the compound of formula II. Examples of 
the solvents used are polar aprotic solvent such as N,N- 
dimcthylformamidc, dimethyl sulfoxide, N-methyl-2- 
pyrrolidonc, hexamethylphosphoric triamidc, a mixture 

20 thereof or a mixture of one of these solvents and a solvent 
such as tetrahydrofuran, 1,2-dimcthoxyc thane, acetonitrilc, 
ethyl acetate or the like. Examples of the base are sodium 
hydroxide, potassium hydroxide, sodium hydride, potassium 
t-butoxide, potassium hydride and the like. The amount of 

25 the base used is usually 1-2 molar equivalents relative to the 
compound of formula II. 

in order to prevent the quaternarizatton of the 
S'-dimcthylamino group when the compound of formula II 
is methylated, it is essential to protect the 2'-bydroxy group 

30 with the substituted silyl ether, but not necessarily essential 
to etherify the 4"-hydroxy group with the substituted silyl 
group. 

The compound of formula II may be used after isolation 
or without isolation for reacting with the methylating agent. 

Although erythromycin ; A 9-oxime derivatives of the 
present invention exist in two isomers (syn- and anti-forms), 
for the purpose of the present invention, these compounds 
may exist in either of the Isomers and in a mixture thereof. 

In the method for preparing the 6-O-methylcrythromycin 
A derivatives of the present invention, it is not necessary to 
protect the J'-dimethylamino group, therefore, it is not 
necessary to carry out the 3 ? -N-mcthylation, cither. 

The mcthylaiion of the hydroxy group at the 6-position of 
the present invention has good selectivity as well as the prior 
art method, Furthermore, the substituted silyl groups used 
for the protection of the hydroxy groups at the 2'- and 
4*-posittons can be easily eliminated. 

Therefore, the present invention can provide 6-0- 
methylerylhromycin A in high yield and economically. 
Namely, the compound of formula I can be led to 6-O- 
methylerythromycin A, for example, by the following 
method. 

The elimination of the substituted silyl groups (R* and R 3 ) 
at the 2'~ and 4" -positions of the compound of formula I can 
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sulfoxide, didxane, 1,2-dimclhoxyethanc, dichloromethane, 
chloroform and the like. Examples of the base are inorganic 
bases such as sodium hydroxide, potassium hydroxide, 
potassium carbonate, sodium bicarbonate, potassium bicar- 
bonate and the like; and organic bases such as 
trimcthylaminc, tricthylamine, pyridine, 1,8-diaza-bicyclo 
[5,4,0Junde-7-ccne, imidazole and the like. 

Although difference of the silylation at the 2-position only 
between both of the 2- and 4 "-positions of the compound of 
formula III depends on the reaction conditions, it is prefer- 
able to use a chlorosilane for the silylation at the 2-position 
only, and it is preferable to use both a chlorosilane and a 
silylamine or 1,1,1333-hexamcthyldtsilazane for the sily- 
lation at the 2- and 4"~positions. 



55 be carried out easily by treatment with an acid (e.g., formic 
acid) in an alcohol or with tetrabutyl ammoniumlluoride in 
tetrahydrofuran. 

Hie elimination of R 1 group of the resulting compound 
can be carried out by homogeneous or heterogeneous hydro- 

60 genolysis known per sc. For example, this reaction may be 
carried out in an alcoholic solvent (e.g., methanol, ethanol 
and the like) in the presence of a catalyst such as palladium 
black or palladium carbon under a hydrogen atomosphcrc 
With stirring. The addition of formic acid, acetic acid or the 

65 like is convenient for the progress of the reaction. 

.This reaction can also be carried out easily in the presence 
of a suitable hydrogen source (e.g., ammonium formate. 



US 6,342,590 Bl 



sodium formate, and a mixture of these formates and formic 
acid) and a catalyst (e.g., palladium carbon, palladium black 
and the like) in an organic solvent (e.g., methanol, ethano!, 
N,N-dimethylformamide and the like) with stirring at room 
temperature to 70° C. 

Furthermore, this reaction may be carried out by using a 
platinum group compound and a ligand as a catalyst. 
Examples of the platinum group compound are the salts or 
complexes of ruthenium, rhodium, palladium and platinum, 
and examples of the ligand are phosphor compounds such as 10 
triphenylphosphine, tri-n-butylphosphine, triethylphosphite, 
l,2-ethylene(diphenyl)phosphine and the like. Usually, mix- 
ture of palladium acetate and triphenylphosphine may be 
used. This reaction can be carried out in the presence of 
formic acid or a salt thereof. Examples of the salt of formic is 
acid are ammonium salts thereof such as ammonium 
formate, trimethylammonium formate, triethylammonium 
formate and the like, and alkali metal salts thereof such as 
sodium formate, potassium formate and the like. 

The elimination procedure of R 2 and R 3 and that of R 1 20 
may be carried out in the reverse order without any trouble. 

6-O-Methylery thromycin A 9-oxime thus obtained can be 
converted easily to 6-O-methylerythromycin A by deoxima 
tion using sodium hydrogen sulfite, titanium trichloride 



perature for 10 minutes. Chloroform was added, and the 
mixture was washed with, in turn, water and a saturated 
aqueous sodium chloride solution and dried over anhydrous 
magnesium sulfate. The solvent was evaporated and the 
resulting crude product was recrystailized from acetone- 
water to give 5.27 g of the title compound as colorless 
needles. 

m.p. 97-100° C. 

Mass(FAB); m/z: 983(MH+) 

PMR(CDC1 3 ) 

5 (ppm)-0.09(2 , -O-TMS), 0.15(4"-O-TMS), 2.22[3*-N 
(CH 3 ) 2 ], 3.31(3"-OCH 3 ) 

CMR(CDC1 3 ); 

6 (ppm) «=0.9(4"-O-TMS), 1.0(2'- O-TMS), 4L0[3'-N 
(CH 3 ) 2 ], 49.7(3"-OCH 3 ) 

EXAMPLE 3 

Preparation of 2-0-trimethylsilyl-6-0- 
methylerythromycin A 9-(0-benzyloxime) 

To a solution of 2.28 g of T-O-trimethylsilylerythromycin 
A 9-(0-benzyloxime) in 20 ml of a mixture of dimethyl 



ammonium acetate, sodium nitrite-hydrochloric acid, 25 sulfoxide and tetrahydrofuran (1:1) were added 0.38 ml 
sodium hydrosulfite (Na 2 S 2 0 4 ) and the like. methvl iodlde aad 280 m S of 85% potassium hydroxide 

Next, the present invention will be concretely illustrated powder, and the mixture was stirred at room temperature for 
by Examples which show the method for preparing the 2 hours. To the reaction solution was added ethyl acetate, 
compound of formula I and Referential Examples which and tne mixture was washed with, in turn, water and a 
show the method for preparing 6-O-methylerythromycin A. 30 saturated aqueous sodium chloride solution, and dried over 

anhydrous magnesium sulfate. The solvent was evaporated 
to give 2.32 g of the glassy title compound. 

Mass(FAB); m/z: 925(MH + ) 
PMR(CDC1 3 ) 

6 (ppm)«0.09(2'-O-TMS), 2.23[3'-N(CH 3 ) 2 ], 3.03(6- 
OCH 3 ), 3.34(3"-OCH 3 ) 



EXAMPLE 1 

Preparation of ^-O-trimethylsilylerythromycin A 9- 

(O-benzyloxime) 35 

To a solution of 3.36 g of erythromycin A 9-(0- 
benzyloxime) and 0.7 ml of triethylamine in 30 ml of 
N,N-dimethyiformamide was added dropwise at room tem- 
perature 0.7 ml of trimethylchlorosilane, and the mixture 
was stirred for 10 minutes. To the reaction solution was 40 
added isopropyl ether, and the mixture was washed with, in 
turn, water and a saturated aqueous sodium chloride solution 
and dried over anhydrous magnesium sulfate. The solvent 
was evaporated and the resulting crude product was recrys- 
tailized from isopropyl ether to give 1.35 g of the title 45 dure similar to that of Example 3, there was obtained 3.89 
compound as colorless needles. g of the glassy title compound. 



EXAMPLE 4 

Preparation of 2,4"-0-bis(trimethylsilyl)-6-0- 
methylerythromycin A 9-(0-benzyloxime) 

Treating 3.93 g of 2 , ,4"-0-bis(trimethylsilyl) 
erythromycin A 9-(0-benzyloxime) according to the proce- 



m.p. 104-106° C. 
Mass(FAB); m/z: 911(MH + ) 

PMR(CDC1 3 ) 50 
5 (ppm)=0.11(2'-O-TMS), 2.23[3'N(CH 3 ) 2 ], 3.33(3"- 

OCH 3 ) 
CMR(CDC1 3 ) 

5 (ppm)-1.0(2'-O-TMS), 41.0[3'-N(CH 3 ) 2 ], 49.5(3"- 
OCH 3 ) 55 
(TMS as used above and hereinafter is a trimethylsilyl 
group) 

EXAMPLE 2 

Preparation of 2',4"-0-bis(trimethylsilyl) 
erythromycin A 9-(0-benzyloxime) 

To a solution of 2.24 g of trimethylsilylimidazole and 1.74 
g of trimethylchlorosilane in 20 ml of dry dichloromethane 
was added at once at room temperature a solution of 6.72 g 
of erythromycin A 9-(0-benzyloxime) in 40 ml of 
dichloromethane, and the mixture was stirred at room tem- 
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m.p. 115-116° C. (recrystailized from methanol) 

Mass(FAB); m/z: 997(MH + ) 

PMR(CDC1 3 ) 

6 (ppm)-0.09(2'-O-TMS), 0.15(4"-O-TMS), 2.21[3'-N 

(CH 3 ) 2 ], 3.03(6-OCH 3 ), 3.32(3"-OCH 3 ) 
CMR(CDC1 3 ) 

6 (ppm)=0.9(4"-O-TMS), l.l(2'-OCH 3 ), 41.0[3 , -N(CH 3 ) 
J, 49.7(3" -OCH 3 ), 50.7(6-OCH 3 ) 

EXAMPLE 5 

Preparation of 2'-0-trimethylsilylerythromycin A 9- 
(O-allyloxime) 

Treating 1 g of erythromycin A 9-(0-allyloxime) accord- 
ing to the procedure similar to that of Example 1, there was 
obtained the crude product, which was then purified by 
alumina column chromatography (eluent; acetone/n- 
hexane»l/10-l/5) to give 0.35 g of the glassy title com- 
pound. 



EXAMPLE 9 
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m.p. 93-96° C. (recrystallized from n-hexane) romethane was added at once at room temperature a solution 

Mass(EI); m/z: 860(M + ) of 9.5 g of erythromycin A 9-(0-allyloxime) in 125 ml of 

PMR(CDC1 3 ) dichloromethane, and the mixture was stirred at room tem- 

5 (ppm)«0.11(2'-O-TMS), 2.23[3 , -N(CH 3 ) 2 ], 3.32(3 M - perature for 10 minutes. To the reaction solution was added 
OCH 3 ) 5 400 ml of n-hexane, the insoluble was filtered off, and the 

CMR(CDC1 3 ) filtrate was concentrated. To the residue was added 200 ml 

6 (ppm)ol.O(2'-0-TMS), 41.0[3'-N(CH 3 ) 2 ], 49.5(3"- of n-hexane, the resulting insoluble was filtered off, and the 
OCH3) " filtrate was concentrated. To a solution of the residue in 75 

EXAMPLE 6 ml of a mixture of dimethyl sulfoxide and tetrahydrofuran 

1 10 (1:1) were added under ice-cooling 1 ml of methyl iodide 

Preparation of 2\4"-0-bis(trimethylsilyl) and then 854 mg of 85% potassium hydroxide powder, and 

erythromycin A 9-(0-allyloxime) the mixture was stirred for 1 .5 hours. After completion of the 

Allowing to react 1 g of erythromycin A 9-(0-allyloxime) reaction, the treatment similar to that of Example 7 gave 

according to the procedure similar to that of Example 2, and 10.2 g of the title compound. 

then 100 ml of n-hexane was added to the reaction solution. 15 m .p. 96-101° C. (recrystallized from acetone -water) 

The insoluble was filtered off, and the filtrate was concen- M , pn . 04 ^/w+\ 

trated. The residue was purified by silica gel column chro- Massyaij; m/z: V40(jvi ; 

matography (eluent; acetone/n-hexane/triethylamine=l/10/ PMR(CDC1 3 ) 

0.1) to give 0.70 g of the glassy title compound. 5 (ppm)=0.09(2'-O-TMS), 0.15(4"-O-TMS), 2.22[3'-N 

m.p. 85-89° C. (recrystallized from acetone) 2 0 (CHakl 3.09(6-OCH 3 ), 3.32(3"-OCH 3 ) 

Mass(EI); m/z: 932(M + ) CMR(CDC1 3 ) 

PMR(CDC1 3 ) 8 (ppm)-0.9(6-O-TMS), 1 . 1 (2'-0-TMS), 

8 (ppm)«0.10(2'-O-TMS), 0.14<4"-O-TMS), 2.22[3*-N 41.0[3'-N(CH 3 ) 2 ], 49.7(3"-OCH 3 ), 50.9(6-OCH 3 ) 
(CH 3 )J, 3.31(3"-OCH 3 ) 

EXAMPLE 7 25 

e „, „ . L , , ^ Preparation of 2^4"-0-bis(trimethylsilyl)-6-0- 

Preparation of 2^0-trimethylsilyl-6 ; 0- methylerythromycin A 9-(0-allyloxime) from 

methylerythromycin A 9<0-allyloxime) erythromycin A 9-oxime 

To a solution of 4 g of erythromycin A 9-(0-allyloxime) _ . . . . _ - . . A n . . , 

« 1 a _i ~.c »,;.*u„i' ;„ *)(\ m\ ~f mm 30 To a solution of lOgof erythromycin A 9-oxime in 75 ml 

and 1.4 ml ot tnetnylamine in 20 ml 01 N,N- JU - , , - 0 ±1*1*/ t e u 1 1_ -j j 

dimethylformamide was added dropwise at room tempera- ^t^ahydrofuran were added 1.25 ml of allyl brom.de and 

ture 1.35 ml of trimethylchlorosUane, and the mixture was 970 m 8 of 85% potassium hydroxide powder, and he 

stirred for 20 minutes, ioo ml of water was added, and the ""J™ w ? f. hrred at "J" em f 'r^ h : * 

mixture was extracted with ethyl ether. The organic layer f 64 * 00 solut,on was added 1 ml of 50% aqueous dimethy- 

, j . . . ,. . i ' , -ac lamme solution, and the mixture was stirred for 30 minutes, 

was washed with a saturated aqueous sodium chlonde 35 iau ""* f 1U " UU > a " u ""^ . . ' , " ™ ' 

, j ui if.Tn. poured mto a mixture of methanol and water (50 ml: 200 ml) 

solution and dried over anhydrous magnesium sulfate. The y , v. , . r . . v ™. ... ' 

solvent was evaporated to give 3.86 g of the crude product and stlrred under 'f °°°Hf g £ r 30 mmU,e ?- JT & 

of 2-0-trimethylsilylerythrtmycin A 9-(0-allyloxime). PfecipiUte was collected by filtration, washed with water, 

^ , . - . / „ . , . dissolved m chloroform and dried over anhydrous magne- 

Toasolutionof the above compound in 30 ml of a mixture sium ^ waJ} ated to ^ ve 9J of 

of dimethyl sulfoxide and tetrahydrofuran (1:1), were added «> cmde cryUmmiycin A 9 -(0-allyloxime). 

under ice-coolmg 0.42 ml of methyl iodide and then 357 mg „, . . i- ... 

of 85% sodium hydroxide powder, and the mixture was , ^ a solution of 3 58 ml of trimethylsilyhmidazole and 

stirred for 1.5 hours After completion of the reaction, 0.5 ml 310 °* of tnmeUiylchlorosilane in 25 ml of dry dichlo- 

of 50% aqueous dimethylamine solution was added, and the "methane w / s added at once at ™J? ^P eratur ^ a 

mixture was stirred for an hour. 100 ml of water was added, 4 * °[ 9 ' 7 8 ; h l°^ n ^(O-allyloxime), obtained 

and the mixture was extracted with ethyl acetate. The above ; m 125 ml of dichloromethane, and the mixture was 

organic layer was washed with a saturated aqueous sodium stl f red at room '7? ra * rc f ? r ^ mmutes ' T ° the ™?° a 

chloride solution and dried over anhydrous magnesium f 01 ^ was ^ m J ? f °" hexanc ' 106 resulUn g 

sulfate. The solvent was evaporated, and the residue was ™*f ble ™ s ^red off, and the filtrate was concentrated, 

purified by silica gel column chromatography (eluent; *o To the residue was added once J more =200 ml of n-hexane, the 

acetone/n-hexane/triethylamine-1/5/0.1) to give 1.45 g of msoh ! ble ™f filter ^ d off ^ and ^..^f ™ C °T?^ 

the glassy title compound. 8 to give 10 g of crude 2',4«-0-bis(trimethylsilyl) 

m P 'JS" 15 ?° «7S SUUiZed fr ° m n " hCXane) ^ToT Son of Vg ofTde ^2',4«-0-bis(trimethylsilyl) 

r^r^rniTf ' 55 erythromycin A 9-(0-allyloxime), obtained above, in 75 ml 

PMR(CDa 3 ) of a ujjxture 0 f dimethyl sulfoxide and tetrahydrofuran (1:1) 

6 (ppm)=0.10(2'-O-TMS), 2.22[3'-N(CH 3 ) 2 ], 3.08(6- were added 1 ml of methyl iodide and then 837 mg of 85% 

OCH 3 ), 3.3X3" -OCH3) potassium hydroxide powder, and the mixture was stirred 

CMR(CDC1 3 ) under ice-cooling for 1.5 hours. After completion of the 

5 (ppm)-l.l(2'-0-TMS), 41.0[3'-N(CH 3 ) 2 ], 49.4(3"- 60 reaction, 1 ml of 50% aqueous dimethylamine solution was 

OCH3), 50.9(6-OCH 3 ) added, and the mixture was stirred at room temperature for 

EXAMPLE 8 an hour. 200 ml of water was added, and the mixture was 

extracted with ethyl acetate. The organic layer was washed 

Preparation of 2\4"-0-bis(trimethylsily)-6-0- ^ a satU rated aqueous sodium chloride solution and then 

methylerythromycin A 9-(0-allyloxime) 65 dried over anhydrous magnesium sulfate. The solvent was 

To a solution of 3.51 ml of trimethylsilylimidazole and evaporated to give 10.3 g of crude 2\4"-0-bis 

3.04 ml of trimethylchlorosilane in 25 ml of dry dichlo- (trimethylsilyl)-6-0-methylerythromycin A 9-(0- 
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allyloxime). Purification similar to that of Example 8 gave 
the title compound, which was identical with the compound 
obtained in Example 8 in terms of melting point, and spectra 
of mass, PMR and CMR. 

EXAMPLE 10 

Preparation of 2 , ,4 ,, -0-bis(trimethylsilyl) 
erythromycin A 9-(0-benzyloxime) from 
erythromycin A 9-oxime 

To a solution of 3.79 g of erythromycin 9-oxime and 0.75 
ml of benzyl chloride in 30 ml of N,N-dimethylformamide 
was added under ice-cooling 0.24 g of sodium hydride 
(60%). After stirring for 2 hours, 2.5 ml of 1,1,1,3,3,3- 
hexamethyldisilazane and 0.99 g of pyridine hydrochloride 
were added, and the mixture was stirred for a further 6 hours. 
After being allowed to stand overnight, the reaction solution 
was poured into water, extracted with ethyl acetate. The 
organic layer was washed with water and dried over anhy- 
drous magnesium sulfate. The solvent was evaporated and 
the resulting crude product was recrystallized from an 
aqueous acetone to give 3.0 g of the title compound, which 
was identical with the compound obtained in Example 2 in 
terms of melting point and spectra of mass and PMR. 

EXAMPLE 11 

Preparation of 2',4"-O-bis(trimethylsilyl)-6-0- 
methylerythromycin A 9-[0-(o-chlorobenzyl)oxime] ^ 

(1) To a solution of 90 g of erythromycin A 9-oxime in 500 
ml of N,N-dimethylformamide were added 23.6 g of 
o-chlorobenzyl chloride and 9.7 g of 85% potassium 
hydroxide powder, and the mixture was stirred under 
ice-cooling for 30 minutes. After completion of the 35 
reaction, the mixture was extracted with ethyl acetate, 
washed with, in turn, water and a saturated aqueous 
sodium chloride solution and dried over anhydrous mag- 
nesium sulfate. The solvent was evaporated under 
reduced pressure to give 98 g of erythromycin A 9-[0- 40 
(o-chlorobenzy l)oxime] . 

m.p. 114-117° C. (recrystallized from n-hexane) 

(2) To a solution of 8.7 g of the above compound in 80 ml 
of ethyl acetate was added a solution of 2.53 ml of 
trimethylchlorosilane and 2.8 g of trimethylsilylimidazole 45 
in 10 ml of ethyl acetate, and the mixture was stirred at 
room temperature for an hour. To the mixture was added 
n-hexane, and the mixture was washed with, in turn, water 
and a saturated aqueous sodium chloride solution and 
dried over anhydrous magnesium sulfate. The solvent was 50 
evaporated to give 9.78 g of glassy 2',4"-0-bis 
(trimethylsilyl)erythromycin A 9-[0-(o-chlorobenzyl) 
oxime]. 

Mass(Ef); m/z: 1016(M*) 

PMR(CDC1 3 ) 55 
6 (ppm)-0.10(2'-O-TMS), 0.15(4"-O-TMS), 2.23[3'-N 
(CU^l 3.30(3"-OCH 3 ) 

(3) To a solution of 5.09 g of 2 , ,4 ,, -0-bis(trimethylsilyl) 
erythromycin A 9-[0-(o-chlorobenzyl)oxime] in 100 ml 

of a mixture of dimethyl sulfoxide and tetrahydrofuran 60 
(1:1) were added 0.41 ml of methyl iodide and then 360 
mg of 85% potassium hydroxide powder, and then the 
mixture was stirred under ice-cooling for 1.5 hours. To the 
reaction solution was added 2 ml of 50% aqueous dim- 
ethyl amine solution, and the stirring was continued for 30 65 
minutes. Thereafter, to the mixture was added with 
n-hexane, and the resulting solution was washed with, in 



turn, water and a saturated aqueous sodium chloride 
solution and dried over magnesium sulfate. The solvent 
was evaporated under reduced pressure to give 4.3 g of 
the glassy title compound. 
5 Mass(EI); m/z: 1030(M + ) 
PMR(CDC1 3 ) 

8 (ppm)=0.10(2'-O-TMS), 0.15(4"-O-TMS), 2.22[3'-N 
(CH 3 ) 2 ], 3.02(6-OCH 3 ), 3.32(3"-OCH 3 ) 

10 EXAMPLE 12 

Preparation of 2',4"-0-bis(trimethylsilyl) 
erythromycin A 9-[0-(o-chlorobenzyl)oxime] from 
erhtyromycin A 9-[0-(o-chlorobenzyl)oxime] 

15 To a solution of 15.27 g of erythromycin A 9-[0-(o- 
chlorobenzyl)oxime], obtained in Example 11(1), in 150 ml 
of N,N-dimethylformamide were added 7.8 ml of 1,1,1,3,3, 
3-hexamethyldisilazane and 2.6 g of pyridine hydrochloride, 
and the mixture was stirred at room temperature for 3 hours. 
20 The reaction solution was poured into water and extracted 
with ethyl acetate, and the extract was washed with, in turn, 
water and a saturated aqueous sodium chloride solution and 
dried over anhydrous magnesium sulfate. The solvent was 
evaporated under reduced pressure to give 14.5 g of the title 
compound, which was identical with the compound obtained 
in Example 11(2) in terms of spectra of mass and PMR. 



EXAMPLE 13 

Preparation of 2 f ,4"-0-bis(trimethylsilyl) 
erythromycin A 9-[0-(o-chlorobenzyl)oxime] from 
erythromycin A 9-oxime 

To a solution of 3 g of erythromycin A 9-oxime in 15 ml 
of N,N-dimethylformamide were added 0.773 g of 
o-chlorobenzyl chloride and 0.192 g of 60% sodium 
hydride, and the mixture was stirred under ice-cooling for 2 
hours. After completion of the reaction, the mixture was 
armed to room temperature. To the reaction mixture were 
added 1.69 ml of 1,1,1, 3,3,3-hexamethyldisilazane and 
0.321 g of ammonium chloride, and the mixture was stirred 
at room temperature for 20 hours. To the reaction solution 
were added 50 ml of n-hexane and 100 ml of a saturated 
aqueous sodium chloride solution, and the organic layer was 
washed with a saturated aqueous sodium chloride solution 
(100 mlx2) and dried over anhydrous magnesium sulfate. 
The solvent was evaporated under reduced pressure to give 
4.2 g of the title compound, which was identical with the 
compound obtained in Example 11(2) in terms of spectra of 
mass and PMR. 

Referential Example 1 

Preparation of 6-O-methylerythromycin A from 2\ 
4"-0-bis(trimethylsilyl)-6-0-methylerythromycin A 
9<0-allyloxime) 

To a solution of 10.3 g of crude 2',4"-0-bis- 
(trimethylsilyl)-6-0-methylerythromycin A 9-(0- 
allyloxime), obtained in Example 9, in 100 ml of methanol 
was added 6.2 ml of 99% formic acid, and the mixture was 
stirred at 50° C. for an hour. To the reaction solution was 
added 300 ml of water, and the mixture was made basic with 
2N aqueous sodium hydroxide solution and extracted with 
ethyl acetate. The organic layer was washed with a saturated 
aqueous sodium chloride solution and dried over anhydrous 
magnesium sulfate. The solvent was evaporated to give 8.93 
g of crude 6-O-methylerythromycin A 9-{0-allyloxirae). 
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To a solution of 8.93 g of crude 6-O-mcthylcrythromycin 
A 9«<0-allyl6xime), obtained above, in a mixture of 50 mi 
of dioxane and 7.5 ml of water were added 89 mg of 
palladium acciate v 539 mg of triphcnyl phosphinc and 9.7 g 
of tricthylammonium formate, and the mixture was refluxed 
for 30 minutes. After completion of the reaction, the solvent 
was evaporated under reduced pressure, 200 ml of diethyl 
ether was added, and the mixture was extracted with 10% 
acetic acid. The acetic acid layer was washed with, in turn, 
diethyl ether and n-hexane, made basic with 5N-sodium 
hydroxide and extracted with ethyl acetate. The organic 
layer was washed with a saturated aqueous sodium chloride 
solution and dried over anhydrous magnesium sulfate, and 
the solvent was evaporated to give 8.5 g of crude 6*0* 
mcthylerythromycin A 9-oxime. 

To a solution of 8.5 g of 6-0-mcthylcr7thromycin A 
9-oximc, obtained above, in a mixture of 40 ml of cthanol 
and 40 ml of water were added 4.65 g of sodium hydrogen 
sulfite and 1 ml of 99% formic acid, and the mixture was 
refluxed for 100 minutes. To the reaction solution was added 
130 ml of water, and the mixture was adjusted to pl l about 
9.5 with an aqueous sodium hydroxide solution and stirred 
under ice-cooling for an hour. The resulting precipitate was 
collected by filtration, washed throughly with water^ and 
rccrystallized from etbanol to give 4.19 g of 6-0- 
methylerhtyromycin A. 

m.p. 223-225° C. 

Referential Example 2 



20 



25 



30 



12 



15 




ctisO ai y 



wherein R 1 is: 
a 2-alkenyl group having 3 lo 15 carbon atoms, 
a benzyl group, or 

a benzyl group substitued by 1 to 3 of a chlorine atom, an 
alkoxy group having 1 to 4 carbon atoms, a nitro group 
or an alkoxycarbonyl group having 2 to 6 carbon atoms, 
and 

R 2 and R 3 are trimeihylsilyl, 

which comprises reacting, in any desired sequence, eryth- 
romycin A 9-oxime with a compound of formula 
R 1 — x (wherein R J is as defined above, and X is a 
halogen atom) and with a substituted si Mating agent 
having R 2 group to give a compound represented by the 
formula; 



Preparation of 6-O-methylerythromycin A from 2*, 
4"-0-bis(trimethylsiiyl)-6-0*mcthylcryihromycin A 
9-[0-<o-chtorobenzyl)oxime] 

To a solution of 2.8 g of crude 2,4 w -0-bLs(trimethyLsilyl)- 
6-O-methylerythromycin A 9-{0-(o-chlorobcnzyl)oxime], 
obtained in Example 12, in 30 ml of methanol were added 
450 mg of 10% palladium carbon, 1.8 ml of formic acid and 
300 mg of ammonium formate, and the mixture was stirred 
at 60° C. for 2 hours. The palladium cata lyst was filtered off, 
and the filtrate, after addition of 200 ml of water, was made 
basic with 2N aqueous sodium hydroxide solution. The 
precipitate which formed was collected by filtration, washed 
with water and dried to give 1.7 g of crude 6-0- 
crylhroraycin A 9-oxime. . 

By reacting 6-O-erythromycin A 9-oximc thus obtained 
with sodium hydrogen sulfite and 99% formic acid accord- 
ing to the procedure similar to that of Referential 
EXAMPLE 1, there was obtained 1 17 g of 6-O- 
methylerythromycin A as crystals. 

m.p. 223-225° C 
What is claimed is: 

1. A process for preparing a 6-O-methylerythromycin A 
derivative represented by the formula: 



35 



40 



45 




(wherein R 1 , R 2 and R* are as defined above), and then 
reacting said compound of formula H with a methylating 
agent selected from the group consisting of methyl bromide, 
50 methyl iodide, dimethyl sulfate, methyl p- toluene sulfonate 
and methyl methane sulfonate, the amount said methylating 
agent being 1-3 molar equivalents of said compound of 
formula II, said trimcihyLsilyl group (R 2 ) protecting the 2 
hydroxyl group against meihylat ion and preventing the 

55 3*-dimcthylamino group from being quatemized with the 
methylating agent. 



